ABSTRACT.-Observations of shoaling and feeding behavior of the zooplanktivorous June sucker, Chasmistes liorus, were made during summer 2003 in Red Butte Reservoir, Utah. Water clarity limited observations to 0.5-1.5 m below the water surface. Schools of adult suckers, ranging from a few to >200 fish, were observed on 20 days from May to September. I classified them as schools rather than shoals because the groups moved synchronously rather than appearing simply as an aggregation of fish. These schools were near the water surface, generally in areas of the reservoir with a water depth of >3 m, and presumably fed on the zooplankton in the epilimnion. Juvenile suckers (age-1 and age-2) were observed only on a few occasions, near inundated vegetation. Age-0 suckers were observed in large shoals (aggregations of hundreds of fish) near the surface in the shadows of inundated vegetation in July and August. Juvenile suckers (age-0, age-1, and age-2) were always observed in age-specific shoals, while suckers in adult schools had a wider range of sizes.
The June sucker (Chasmistes liorus), endemic to Utah Lake in the Bonneville Basin, is a member of a unique group of lake suckers found in western North America (Miller and Smith 1981 , Minckley et al. 1986 , Scheffer 2001 , Billman and Crowl 2007 . Historically abundant in Utah Lake ( Jordan 1891) , the June sucker declined drastically through the 1900s, leading to its eventual listing as an endangered species, effective 31 March 1986 (51 FR 10857) . Reasons for this decline included droughts, habitat loss, overexploitation, and negative effects of nonnative fishes, including predation. At the time of the June sucker's listing, the wild population was documented as having fewer than 1000 individuals and has been estimated to contain fewer than 500 adult suckers (Belk 1998 , Keleher et al. 1998 . As with other rare species, small population sizes make studies on the basic biology of a species difficult, if not infeasible (Gaston 1994) .
In 1992, a refuge population was created in Red Butte Reservoir, Salt Lake County, Utah (Whitney and Belk 2000 , Andersen et al. 2007 , Billman and Crowl 2007 . Red Butte Reservoir is located in a small narrow canyon on the west slopes of the Wasatch Mountains east of Salt Lake City, Utah. In 2003 the reservoir had a surface elevation of 1636 m, a surface area of 4.1 ha, a mean depth of 7.8 m, and a maximum depth of 12.2 m (Billman 2005) . Red Butte Creek, tributary to the reservoir, exhibits an annual flow pattern characteristic of the region: high spring flows driven by snowmelt (maximum instantaneous discharge 0.623 m 3 ⋅ s -1 ) followed by reduced flows derived from groundwater throughout the remainder of the year (minimum instantaneous discharge of 0.020 m 3 ⋅ s -1 ; Ehleringer et al. 1992) . During early summer, the reservoir stratifies with temperatures of ap proximately 20°C in the epilimnion and 9°-11°C in the hypolimnion. The zooplankton community during summer months consists primarily of rotifer species and small cladocerans, with few copepods and large cladocerans. Bonneville cutthroat trout (Oncorhynchus clarkii utah) is the only other fish species present in the reservoir. June suckers successfully reproduced beginning 3 years after introduction, establishing a population that exceeded 13,000 age-1 and older suckers by 2004 (Billman and Crowl 2007) ; this self-perpetuating population provides a unique opportunity to study this otherwise rare species in a natural setting.
June (Billman 2005, Billman and Crowl 2007) . The other research was conducted throughout the reservoir during all daylight hours, providing opportunities to observe June suckers in all habitats throughout an entire day. Most observations were made from shore or boat (research was done both from shore and boat in most areas of the reservoir), but I made 3 observations while snorkeling (limited to areas along the dam and in and near the mouth of Red Butte Creek). Visibility in the water was generally poor (secchi disk depths ranged from 0.5 to 1.5 m), limiting observations to the epilimnion and littoral regions of the reservoir.
Schools of adult suckers (size range of adults 300-475 mm; Billman and Crowl 2007) were observed from shore and boat on 18 days from May to early September. I refer to groups of adult suckers as schools because they moved synchronously over the time (as long as 30 minutes) and distance (as long as 200 m) they were observed (Pitcher 1983) . Schools ranging in size from a few fish to a couple hundred fish could be seen swimming near the surface (Fig.  2 ). These schools seemed to consist of only adult fish; smaller, younger fish were never seen in a school of adult fish. These schools were always moving and would occasionally switch directions or dive out of sight when startled (by the boat, ducks, or other unseen stimuli). Schools were generally observed in areas where water depth was >3 m, but occasionally these schools approached the shore (water depth = 1 m) before switching directions or disappearing, presumably diving and returning to deeper water. One school was recorded with an under water video camera; the video is available from http://www.junesuckerrecovery.org/abou-indi.html (see also Fig.  2 ). Schools were generally more tightly packed at the front and edges of the school (fish within 1 body length of neighbors) and more loosely packed toward the rear (distance between neighbors generally >1 body length). Although schools were usually cohesive groups, on a few occasions June suckers were observed leaving a school, either creating a new school or joining another school. During the month of June, the large schools of adult June suckers were not observed near the surface, because they were spawning; I observed spawning June suckers at the southeast corner of the dam from 10 June through 8 July (Billman 2005) .
Adult suckers presumably school near the surface while feeding. However, fish will also aggregate near the surface if the dissolved oxygen in the water is low. Dissolved oxygen L -1 . Thus, it seems unlikely that the adult sucker schools were at the surface because they were experiencing oxygen stress.
One school of age-2 suckers (size range of age-2 June suckers 145-175 mm; Billman and Crowl 2007) was observed from a boat on 2 July. This group of about 20 fish was seen at the east end of the reservoir near the mouth of Red Butte Creek. The school was observed near the surface in an area that averaged about 3 m deep, and the school exhibited the same directed movement as the adult suckers. The area of the reservoir where the school was observed was within 3 m of inundated willow and cottonwood trees. While I was snorkeling on 10 June, about 10 age-1 fish (size range of age-1 suckers 55-80 mm; Billman and Crowl 2007) were observed in the same area, within 2 m of shore (water depth <0.5 m). The fish were together, apparently feeding as they swam throughout the water column in and around the trunks of inundated willow trees; they only swam in a synchronous manner when they were startled. This matched the behavior of age-1 June suckers observed in 2002 that were seen swimming near and around inundated vegetation in water <1 m deep (Billman 2005).
Age-0 fish (15-30 mm; Billman and Crowl 2007) were observed from both shore and boat on 8 days from mid-July through August in areas with inundated willows, particularly on the east end of the reservoir. These large shoals had hundreds if not thousands of individuals. Unlike the older suckers, which moved more freely, shoals of age-0 June suckers were stationary (observed for approximately 10 minutes), staying within the shadows of inundated trees and within 20 cm of the water surface (total water depth 1-4 m). Only when they reached larger sizes in late August could they be seen moving more freely like the age-1 shoals in the inundated vegetation along the shores.
June sucker shoals in Red Butte Reservoir were sorted by age class at least from age 0 to age 2, demonstrating a preference in subadult June suckers for size-matched companions in shoals, similar to other species (Hoare et al. 2000) . Schools of adult suckers had greater size variation (see range above) because this stage-class encompasses multiple age classes, and there was no indication from my observations that they were shoaling by sex. Such size discrimination in shoal selection, as observed in juvenile June suckers, is thought to result from predation risk and competition. Predation risk is thought to be higher for individuals whose phenotype (body size in this case) differs from the other members of the group, also known as the oddity effect. Similarly, large fish are more competitive and have higher foraging rates than small fish; thus, small fish should avoid shoals with large individuals (Hoare et al. 2000) . Size discrimination in shoals can also occur because of ontogenetic changes in habitat utilization (Werner and Hall 1988) . Smaller, younger June suckers were only observed in areas with structure provided by inundated vegetation, particularly age-0 suckers that were hiding in the shadows. These areas likely provided refuge from potential predators (i.e., cutthroat trout). Larger June suckers were no longer at risk from the gape-limited cutthroat trout and were able to use pelagic habitat, where foraging can be more optimal (Werner and Hall 1988) .
The prevalence of shoaling in all ages of June sucker indicates that individual fish benefit from this social behavior, although benefits likely differ with size or age. Younger, smaller fish in shoals likely benefit from reduced risk of predation by Bonneville cutthroat trout. Shoaling reduces predation risk in 2 ways: many eyes to spot predators and the dilution effect (Parrish 1993, Moyle and Cech 2004) . When in a shoal, individual fish can spend more time feeding and less time watching for predators because there are more eyes to spot potential predators. Similarly, the dilution effect, or the safety in numbers concept, reduces the probability that any 1 individual will be eaten. Large adult fish would not receive this same benefit as they are virtually predator-free in Red Butte Reservoir. The only avian predators I observed were mallard ducks (Anas platyrhynchos; potential predator to juvenile suckers); other avian predators were not observed during the period when observations were made, nor have they been historically documented in the canyon during summer months (Ehleringer et al. 1992) . Instead, these larger fish likely benefit from increased foraging efficiency. Schooling in planktivorous fish increases the probability of detecting suitable patches of plankton because of the presence of many eyes searching a larger area than a single individual can search. Indeed, studies have shown that foraging success in planktivores can be increased by the formation of groups (Morgan 1988 , Ranta and Kaitala 1991 , Milne et al. 2005 . However, fish in the rear of a school are likely to encounter lower densities of plankton than those in the front. This may explain the shape of adult schools, which were more tightly grouped and denser at the front and edges compared to the middle and rear of the school.
Poor survival of juvenile June suckers in Utah Lake has been attributed to the loss of structure provided by macrophytes, thus making juvenile suckers more susceptible to predation (Petersen 1996 , Belk et al. 2001 . Submerged aquatic vegetation has decreased through out Utah Lake due to water fluctuations from irrigation and effects of foraging behavior of introduced carp, Cyprinus carpio, which have become the most abundant fish in the lake since their introduction (U.S. Fish and Wildlife Service 1999, Miller and Crowl 2006) . The use of macrophytes by June suckers has been demonstrated in a laboratory setting (Petersen 1996) , and juvenile suckers have been observed in vegetated areas near the mouth of the Provo River in Utah Lake ( J. Rasmussen personal communication). The observations of June suckers in Red Butte Reservoir confirm that juvenile suckers do indeed use submerged vegetation for structure. However, my sampling was not exhaustive enough to indicate whether or not vegetated littoral regions were utilized exclusively by juvenile suckers. These observations of shoaling and feeding behavior of June suckers in Red Butte Reservoir provide new insight into the basic biology of this species. These behaviors were poorly documented primarily due to small population sizes in Utah Lake. If shoaling behavior in June suckers decreases predation risk and increases foraging success, as it does in other species (Hoare et al. 2000 , Milne et al. 2005 , small population sizes could further threaten this species because they could lose the benefits of this social behavior (i.e., Allee effects; Berec et al. 2007) . Further studies on the schooling behavior and the possible Allee effect in June sucker due to a reduced population size in Utah Lake could contribute greatly to the recovery of June suckers. 
